Determinants of postinfarction remodeling affect outcome and left ventricular geometry after surgical treatment of ischemic cardiomyopathy  by Cirillo, Marco et al.
Surgery for Acquired Cardiovascular Disease Cirillo et al
A
CDDeterminants of postinfarction remodeling affect outcome
and left ventricular geometry after surgical treatment of
ischemic cardiomyopathy
Marco Cirillo, MDa
Andrea Amaducci, MDb
Federico Brunelli, MDa
Margherita Dalla Tomba, MDa
Piervirgilio Parrellac
Giordano Tasca, MDa
Giovanni Troise, MDa
aEugenio Quaini, MDDr Cirillo
From the Departments of Cardiac Surgerya
and Cardiology,b Echocardiography Labo-
ratory, Poliambulanza Hospital, Brescia, It-
aly, and Department of “Mathematics and
Statistic Applied to Economics,”c Univer-
sity of Pisa, Pisa, Italy.
Received for publication June 24, 2003;
revisions received Nov 10, 2003; accepted
for publication Nov 24, 2003.
Address for reprints: Marco Cirillo, MD,
Poliambulanza Hospital, Via Leonida
Bissolati 57, 25125 Brescia, Italy (E-mail:
cch-segreteria.poli@poliambulanza.it).
J Thorac Cardiovasc Surg 2004;127:
1648-56
0022-5223/$30.00
Copyright © 2004 by The American Asso-
ciation for Thoracic Surgery
doi:10.1016/j.jtcvs.2003.11.0621648 The Journal of Thoracic and CardObjective: To identify the effects of the time between myocardial infarction and
surgery, the site of infarction, mitral involvement on ventricular geometry, and
clinical outcome in the treatment of ischemic cardiomyopathy in patients with heart
failure.
Methods: Sixty-nine consecutive patients with ischemic cardiomyopathy, indexed
end-systolic volume 50 mL/m2, ejection fraction 35%, and heart failure under-
went surgery 81.9  100.8 months after myocardial infarction, using different
techniques of ventricular restoration. Thirteen geometric parameters were studied
pre- and postoperatively. Paired and unpaired t tests and general linear model for
multivariate analysis were used to analyze subgroups. Logistic regression and
Kaplan-Meier survival curves with pairwise log-rank were used to correlate covari-
ates to clinical outcome.
Results: Longer time to surgery and posterior necrosis linearly correlated with
higher left ventricular volumes (r2  .66) and diameters (r2  .40). High grade of
mitral regurgitation was always present in posterior infarctions. Hospital mortality
was 4.3%. Complicated postoperative course was predicted by mitral surgery (P 
.004) and longer time to surgery (P  .04). Survival was significantly lower in the
posterior infarction (P .0002) and mitral surgery (P .001) subgroups. At a mean
follow-up of 1.9  1.3 years, functional status and geometrical restoration are
influenced by the studied covariates.
Conclusions: Longer time to surgery after myocardial infarction, its posterior
location, and significant mitral regurgitation can affect left ventricular remodeling,
surgical restoration, and clinical outcome in patients with ischemic cardiomyopathy.
Left ventricular (LV) remodeling after single or multiple myocardialinfarctions (MIs) is a major problem affecting the surgical approachto ischemic heart disease. Cardiac remodeling is an endless, time-dependent process that involves profound changes in cellular andextracellular cardiac structure and affects heart geometry and func-tion. The development of these alterations has been studied in vivo1
and in clinical series.
Infarction scar healing is related to the different structural and anatomic layers of
the myocardium, and the preexisting extracellular matrix plays an important role in
2the organization of scar collagen. The 3 parameters linked to the evolution and
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CDdevelopment of remodeling are time,3-5 the site of isch-
emia,6 and mitral regurgitation (MR)7 the different overlap-
ping of which contribute to the speed of symptom onset, LV
dilation, and the geometric distortion of the LV cavity.
Restoring the shape of the left ventricle (ie, reestablish-
ing near-normal geometry) has recently been stressed as a
key means of treating or avoiding congestive heart failure.8
It has also been found that the indexed end-systolic volume
of the left ventricle (iESV) can be used as a prognostic
factor insofar as a value of more than 45 mL/m2 often leads
to clinical heart failure,9 and a resting iESV of more than 60
mL/m2 is a threshold that is probably associated with sub-
sequent cardiac mortality.10 Preoperative end-systolic and
end-diastolic left ventricular volumes both correlate with
outcome11,12: a patient with a preoperative iESV of less than
100 mL/m2 is much more likely to survive than one with a
higher value, and a preoperative indexed end-diastolic vol-
ume of more than 160 mL/m2 more frequently leads to a
poorer outcome.
The aim of this study was to identify the ways in which
the time between MI and surgery, the location of the MI,
and the presence of mitral involvement affect ventricular
geometry and influence clinical outcome in a series of
patients surgically treated for ischemic heart failure.
Methods
Patients
Sixty-nine consecutive patients with ischemic cardiomyopathy de-
fined according to Burch and colleagues13 underwent surgical
treatment between September 1997 and November 2002. The
study population had experienced 1 or more episode of MI with
segmental LV wall motion abnormalities and had an iESV of 50
mL/m2 and an ejection fraction (EF) of 35%; heart failure was
the predominant clinical manifestation. Their clinical characteris-
tics are summarized in Table 1.
Definitions
All clinical definitions were taken from the 1998 data collection
form of the Society of Thoracic Surgeons National Cardiac Sur-
gery Database.
MI surgery time interval: From the first episode of MI (presumed
to be responsible for the subsequent cardiomyopathy) to sur-
gery.
MI recurrences: In the same or different sites.
Anterior MI: All anterior, anterolateral, and anteroapical locations.
Posterior MI: All inferior, basal, posterior, and posterolateral
locations.
Complicated postoperative course: At least 1 of the following: the
need for inotropes or an intra-aortic balloon pump (IABP), renal
failure treated by means of continuous veno-venous ultrafiltra-
tion, respiratory insufficiency, perioperative MI.
Echocardiographic Measurements
To obtain homogeneous and consistent echocardiographic data, all
of the pre- and postoperative echocardiographic studies were per-
The Journal of Thoracicformed by the same echocardiographer using an Acuson Sequoia
512 (Acuson Corporation, Mountain View, Calif) equipped with
2.5- to 3.5-MHz transducers. The preoperative examinations were
performed 0 to 7 days before surgery; the postoperative echocar-
diograms used for this study were performed at least 6 months
after the operation.
MR was quantified by means of Doppler analysis using a
4-point scale.
The evaluated LV geometric and functional parameters are
described in Appendix 1.
Surgical Details
All of the operations were performed by means of a median
sternotomy using a mild hypothermic (33°C) cardiopulmonary
bypass, aortic crossclamp, intermittent cold blood cardioplegia,
and warm reperfusate.
The surgical techniques used for LV restoration were: (1) the
reconstruction of anterior LV akinesia/dyskinesia by means of the
endoventricular circular patch plasty described by Dor and col-
leagues14 or modified versions of the same (without the internal
patch or using linear closure when the residual postreduction area
was small); (2) the treatment of mitral valve regurgitation by
means of annuloplasty or mitral valve replacement; or (3) a com-
bination of the 2 treatments.
After the completion of surgical restoration, all patients re-
ceived coronary artery bypass grafts to achieve complete revascu-
larization.
The pre- and postoperative indications for the use of an IABP
were prophylactic support or a cardiac index of 2.0 L/min/m2
despite the administration of inotropes.
Follow-up
After the 3-month clinical follow-up examination, the patients
were interviewed every year by telephone. The survivors were
invited to undergo an echocardiographic control and clinical as-
TABLE 1. Patient characteristics
Men/women 54/15
Age (y) 65.6 8.8 (40–82)
Urgency/emergency 13 (19.4%)
Presence of MR 54 (91.5%)
MR  grade 2 24 (34.7%)
MR  grade 2 in anterior MIs 11 (19.6%)
MR  grade 2 in posterior MIs 13 (100%)
Mean NYHA class 2.5 1
Patients in NYHA class IV 16 (23.1%)
Three-vessel coronary disease 29 (42.1%)
One-vessel coronary disease 16 (23.1%)
Mean time interval to surgery (mo) 81.9 100.8 (0.3–403.5)
Anterior myocardial infarction 56
Mean time to surgery 65.1 84.2
Posterior myocardial infarction 13
Mean time to surgery 154 134.3
Recurrences of MI 7 (single), 2 (double)
MR, Mitral regurgitation; MI, myocardial infarction; NYHA, New York Heart
Association.sessment at our hospital at least 6 months after surgery.
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The clinical, echocardiographic, operative, and outcome data were
prospectively collected in our institutional database and statisti-
cally analyzed using SPSS 9.0 software (SPSS Inc, Chicago, Ill).
The continuous variables are expressed as mean values standard
deviation. The two-tailed paired t test was used to compare the pre-
and postoperative data and the unpaired t test to compare the
groups. The continuous variables were compared using linear
regression analysis and the dichotomous variables by means of
binary logistic regression (ENTER stepwise method). The multi-
variate analysis was based on the general linear model and tested
the effects of 4 covariates (anterior/posterior MI, the MI surgery
time interval, grade 2 or greater MR, number of recurrent MIs) on
all of the preoperative LV geometric and functional parameters. A
postoperative complicated course was considered a dichotomous
variable (no/yes  0/1). Kaplan-Meier actuarial survival was cal-
culated for the whole population and the subgroups, and between-
group survival was analyzed using the pairwise log-rank test.
Results
The site of MI was anterior in 56 and posterior in 13
patients. Seven patients had experienced a single recurrence
(6 in the same site as the first and 1 in a different region),
and 2 patients had experienced a double recurrence in the
same site as the first episode. The mean MI surgery interval
in the population as a whole was 81.9  100.8 months
(range 0.3-403.5); the median interval was 60 months. The
mean MI surgery interval was significantly different (P 
.03) between the patients with anterior and posterior MI
TABLE 2. Comparison of geometric and functional echocard
posterior myocardial infarction
Parameters
Preoperative
Anterior
(n  56)
End-systolic diameter 46.2 10.3
End-diastolic diameter 60.6 9.1
Eccentricity index
Systolic 0.82 0.09
Diastolic 0.74 0.09
Longitudinal length
Systolic 84.7 12.9
Diastolic 93.4 12.1
End-diastolic volume 183.9 69.3
End-diastolic volume index 101.1 38
End-systolic volume 120.6 53.8
End-systolic volume index 66.5 30.3
Ejection fraction 31.9 4.8
Wall motion score index 2.07 0.34
% of akinesia 34.8 8.5
MI, Myocardial infarction. Parameters are defined in the Appendix.
*Significance between the groups, anterior versus posterior location.
†Significance within the group, preoperative versus postoperative.(65.1  84.2 vs 154  134.3 months). Eleven patients with
1650 The Journal of Thoracic and Cardiovascular Surgery ● Junanterior MI (19.6%) and 13 (100%) with posterior MI had
MR grade 2 or greater, requiring mitral surgery (P .0001).
Preoperative LV Geometric and Functional
Parameters
The patients with a posterior MI had significantly lower
systolic (0.75  0.007 vs 0.82  0.09; P  .01) and
diastolic (0.66  0.08 vs 0.74  0.09; P  .007) eccen-
tricity index than those with anterior MI. They also had a
higher EF (33.7  2.3 vs 31.9  4.8; P  .04; Table 2).
At the median MI surgery time interval of 5 years (60
months), the population was divided into approximately
halves (39 before and 30 after 60 months). The patients with
an MI surgery time interval of 60 months had more
dilated (end-systolic diameter 50.8 10.3 vs 44.3 9.2;
P  .008; end-diastolic diameter  65.4  8.7 vs 58.7 
8.5; P  .002) and more spherical ventricles (diastolic
eccentricity index  0.69  0.11 vs 0.75  0.07; P  .01;
Table 3).
Linear regression analysis of the posterior MI group
revealed a significant correlation between the MI surgery
time interval (continuous variable) and iESV (r2  .40),
end-diastolic (r2  .65), and end-systolic (r2  .66) diam-
eters (Figure 1).
General linear model multivariate analysis revealed a
significant correlation between the MI surgery time interval
and a longer systolic (P  .02, r2  .18) and diastolic (P 
2 2
aphic parameters in patients with previous anterior versus
MI location
Postoperative
osterior
n  13)
Anterior
(n  55)
Posterior
(n  10)
1 8.7 41.4 7.1† 48.3 8.0*
9 8.5 57.0 6.8† 59.8 9.3
5 0.07* 0.73 0.13† 0.72 0.14
6 0.08* 0.56 0.17† 0.64 0.18
1 11.5 63.4 8.5† 73.6 12.3*
3 7.9 71.7 7.7† 83.1 8.6*
5 74.8 117.1 33.4† 149.6 41.2*,†
5 40.2 64.4 16.9† 78.2 17.8*,†
1 54.4 64.6 19.8† 91.1 32.5*
8 28.5 35.5 10.2† 47.4 14.4*
7 2.3* 46.6 6.5† 37.3 8.9*
1 0.40 1.68 0.23† 1.67 0.35
8 17.2 27.8 5.2† 31.6 13.3iogr
P
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r2  .17), and a higher percentage of akinesia (P  .0001,
r2  .48). Significant correlations were also identified be-
tween posterior MI and a lower systolic eccentricity index
(P  .007, r2  .29), a shorter systolic longitudinal length
(P  .01, r2  .18), and a higher EF (P  .04, r2  .19).
Surgery
Two patients received a preoperative IABP (1 for prophy-
laxis and 1 because of cardiogenic shock). Isolated recon-
struction of left ventricle was performed in 45 patients
(65.2%), 37 with internal patch and 8 with linear overlapped
suture of ventriculotomy. Isolated mitral surgery was per-
formed in 12 patients (17.3%): 9 patients received a com-
plete ring annuloplasty (1 size 28, 7 size 30, 1 size 32), 2
patients a posterior ring annuloplasty (size 30), and 1 patient
had mitral valve replacement with pericardial 25 prosthesis.
Twelve patients had a combined procedure (17.3%): 8 pa-
tients had a ventricular patch with annuloplasty, complete
ring in 7 (1 size 28, 3 size 30, 3 size 32) and posterior ring
in 1 patient (size 30), and 1 patient had ventricular patch
with mitral valve replacement (mechanical prosthesis 27); 3
patients with linear suture had combined mitral procedure, 2
complete ring annuloplasty (size 30 and size 32) and 1
mitral valve replacement with pericardial 27 prosthesis.
As regards mitral surgery, the valve was repaired when-
ever possible. When replacement was required, posterior
leaflet chordal attachments were preserved in all patients
TABLE 3. Comparison of geometric and functional echoc
interval <60 months versus >60 months
Parameters
Preoperative
<60 months
(n  39)
End-systolic diameter 44.3 9.2
End-diastolic diameter 58.7 8.5
Eccentricity index
Systolic 0.82 0.08
Diastolic 0.75 0.07
Longitudinal length
Systolic 81.6 14.1
Diastolic 91.6 12.7
End-diastolic volume 176.2 74.1
End-diastolic volume index 97.9 40.9
End-systolic volume 114.3 54.9
End-systolic volume index 63.7 31.6
Ejection fraction 32.2 4.5
Wall motion score index 2.0 0.34
% of akinesia 33.7 8.4
MI, Myocardial infarction. Parameters are defined in the Appendix.
*Significance between the groups, 60 months versus 60 months time
†Significance within the group, preoperative versus postoperative.with preservation of anterior leaflet chordae in 2.
The Journal of ThoracicAll patients underwent complete coronary revasculariza-
tion with 2.4  1 grafts per patient (range 1-4). An IABP
was postoperatively inserted in 10 patients (8 for prophy-
lactic and 2 because of postcardiotomy low cardiac output
syndrome).
Outcome
Hospital mortality was 4.3% (3 patients): 1 death in the
mitral surgery group (8.3%; P  .4 vs the isolated ventric-
ular reconstruction group) and 2 in the combined surgery
group (16.6%; P  .03 vs the isolated ventricular recon-
struction group), all due to cardiogenic multiorgan failure.
The mean length of stay in the intensive care unit was 5.4
 9.5 days (range 1-70) and the total hospital stay was 10.3
 9.4 days (range 5-80).
Eighteen patients experienced a nonfatal complicated
postoperative course: 9 in the isolated ventricular recon-
struction group (20%), 4 in the isolated mitral surgery group
(33.3%; P  .4 vs the isolated ventricular reconstruction
group), and 5 in the combined surgery group (41.6%; P 
.03 vs the isolated ventricular reconstruction group). Binary
logistic regression analysis identified mitral surgery (P 
.004) and the MI surgery time interval (P  .04) as signif-
icant predictors of a complicated postoperative course.
The mean follow-up (98.5% complete) was 1.9  1.3
years (range 0.6-5.1). There were no readmissions due to
cardiac causes.
Late mortality was 7.5% (5/66 discharged patients): 2
graphic parameters in patients with an MI surgery time
MI surgery time interval
Postoperative
0 months
n  30)
<60 months
(n  38)
>60 months
(n  27)
8 10.3* 39.6 6.6† 46.8 7.2*
4 8.7* 54.1 6.1† 61.9 6.6*
8 0.09 0.73 0.13† 0.71 0.13†
9 0.11* 0.60 0.16† 0.54 0.19†
3 10.4 61.2 8.0† 70.7 10.1*,†
0 9.8 71.0 7.8† 77.6 9.1*,†
6 62.9 106.7 30.1† 144.9 34.2*,†
3 34.0 59.4 15.7† 76.8 15.6*,†
2 51.6 60.0 16.9† 82.1 27.8*,†
5 27.4 33.3 8.8† 43.5 13.1*,†
3 4.4 46.6 6.7† 42.6 8.6*,†
1 0.36 1.61 0.22† 1.76 0.26*,†
4 12.9 26.0 5.1† 31.9 8.8*
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second in the mitral surgery group) and 3 noncardiac deaths
(2 neoplasms and 1 cerebral accident). The mean New York
Heart Association (NYHA) class of the 61 survivors is 1.4
 0.6: the mean iESV is 41.9 mL/m2 in 20 patients in
NYHA class 2 and 34.1 mL/m2 in 41 patients in NYHA
class 1.
The actuarial survival of the entire series (Figure 2,A),
including hospital and late cardiac-related deaths, was
90.1%. The effects on group survival of the preoperative
covariates considered in the analysis are shown in Figure 2
(B, C, and D). The patients with an MI surgery time interval
of 60 months showed a lower rate of survival, but this
Figure 1. Scatter graphs showing linear regression bet
in posterior MIs.difference was not statistically significant despite the fact
1652 The Journal of Thoracic and Cardiovascular Surgery ● Junthat the mean MI surgery time interval was 184.8  138.5
months in the deceased patients versus 73.8  94.0 months
in the survivors (P  .01). Survival 4 years postoperatively
was significantly less in the patients with posterior versus
anterior MI and in those undergoing mitral versus nonmitral
surgery.
Postoperative LV Geometric and Functional
Parameters
In the series as a whole, there was a significant improvement
in all of the LV geometric and functional parameters. In
particular, the mean reduction in end-systolic volume index
was 42.7%, and 71% of the patients showed a “normalized”
2
preoperative parameters and MI surgery time intervalweeniESV (40 mL/m ). The results are shown in Table 4.
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that significantly improved were end-diastolic volume (P 
.004) and its indexed value (P  .01). Comparison of the
postoperative parameters in the anterior versus posterior MI
group revealed significant differences in end-systolic diam-
eter (P  .003), systolic (P  .001) and diastolic longitu-
dinal length (P  .000), end-diastolic volume (P  .004),
end-diastolic volume index (P  .01), end-systolic volume
(P .01), end-systolic volume index (P .001), and EF (P
 .000; Table 2).
In the group of patients with an MI surgery time interval
of 60 months, no improvement was observed in end-
systolic and end-diastolic diameters or the percentage of aki-
nesia. Comparison of the postoperative parameters in patients
with an MI surgery time interval of 60 versus those 60
months revealed significant differences in all values except for
systolic and diastolic eccentricity indexes (Table 3).
The patients undergoing mitral surgery showed no im-
Figure 2. Kaplan-Meier survival curves for the patien
interval; C: MI location; D: mitral surgery). Intergroupprovement in systolic and diastolic diameters or in the
The Journal of Thoracicpercentage of akinesia. Comparison of the postoperative
parameters in the mitral versus nonmitral surgery groups
revealed significant differences in all values except for
systolic and diastolic eccentricity index, WMSI, and the
percentage of akinesia (Table 5).
Discussion
Post-MI LV remodeling is a continuous process that wors-
ens over time and depends on the location of the first MI
episode. Thus, time from MI has to be considered a patho-
genetic factor in the postischemic remodeling process. Time
lapse also worsens the synchrony of neighboring regions
even after the acute phase of MI by extending the necrosis
and/or not preventing late apoptotic cell death in the border
zone.15
Until now, no clinical studies have had over 2 years of
follow-up time to measure the remodeling phenomenon.
The TOAT study16 demonstrated an increase in LV vol-
a whole (A) and the subgroups (B: MI surgery time
arisons was made using the log-rank pairwise test.ts as
compumes during the first year following MI. The 2-year SAVE
and Cardiovascular Surgery ● Volume 127, Number 6 1653
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with chamber distortion and functional deterioration that
was unaffected by captopril after 1 year; it also showed that
the number of patients with LV dilation increased between
the first and second post-MI year. The MI surgery time
intervals in our patients varied widely, thus making it pos-
sible for us to study the phenomenon of remodeling over
periods up to many years after the first episode.
The site of MI is another important factor that determines
different remodeling pictures. Large anterior infarctions
compromise LV torsion movement, which is the fundamen-
tal mechanism “squeezing” the LV cavity and causing ejec-
tion,17,18 more rapidly than posterior infarctions, and thus
can lead to earlier important geometric alterations and heart
failure. Posterior MI likely produces dysfunction of the
posterior papillary muscle and/or posterior wall motion
abnormalities,19,20 causing MR and consequent slowly pro-
gressive LV dilation. All these factors, variously over-
lapped, produce LV morphofunctional abnormalities lead-
ing to heart failure.
Our results show the effects of the time interval and MI
site on hemodynamic and clinical status. In the population
as a whole, systolic and diastolic diameters and diastolic
eccentricity index were worse in the patients in whom the
MI surgery interval was 60 months (Table 3). In the
patients with posterior MI, time significantly affected LV
dilation in terms of end-systolic and end-diastolic diameters
and end-systolic and end-diastolic volume indexes (Figure
1), whereas the time interval was significantly less in the
patients with anterior MI.
The majority of patients requiring mitral surgery had an
TABLE 4. Comparison of preoperative and postoperative
geometric and functional echocardiographic parameters in
the patients as a whole
Parameters
Preoperative
(n  69)
Postoperative
(n  65) P value
End-systolic diameter 47.1 10.2 42.7 7.7 .0001
End-diastolic diameter 61.6 9.1 55.5 7.4 .0001
Eccentricity index
Systolic 0.80 0.09 0.72 0.13 .0001
Diastolic 0.72 0.09 0.58 0.17 .0001
Longitudinal length
Systolic 83.7 12.7 65.3 10.1 .0001
Diastolic 92.7 11.5 73.8 9 .0001
End-diastolic volume 186.8 70.1 123.3 37.03 .0001
End-diastolic volume
index
102 38.1 67.03 17.8 .0001
End-systolic volume 120.3 53.5 69.6 24.7 .0001
End-systolic volume index 65.8 29.8 37.7 12 .0001
Ejection fraction 32.2 4.4 44.8 7.8 .0001
Wall motion score index 2.04 0.35 1.68 0.25 .0001
% of akinesia 34.4 10.5 28.6 7.5 .0001
Parameters are defined in the Appendix.MI surgery time interval of 60 months (125  116.3
1654 The Journal of Thoracic and Cardiovascular Surgery ● Junmonths vs 58.8  84 months in the nonmitral surgery
group; P  .008). Furthermore, the presence of severe MR
in the anterior MI group was time-related, as the mean MI
surgery time interval in the patients with and without MR
was, respectively, 108.9 versus 58.9 months (P  .05).
Our study evidences also how the same factors able to
condition LV remodeling can affect surgical outcome in
terms of clinical results and geometrical restoration. A
longer MI surgery time interval, posterior MI, and the need
for mitral surgery all adversely affected clinical and geo-
metric outcomes. All of our posterior MI patients with an
MI surgery time interval of 60 months and mitral surgery
experienced a complicated postoperative course, and all of
the cardiac-related deaths occurred in mitral surgery pa-
tients. The MI surgery time interval was 104.7 months in
patients in postoperative NYHA class 2 versus 58.2
months in those in NYHA class 1 (P  .02). Four of the 9
survivors with posterior MI (44.4%) and 9 of the 16 survi-
vors undergoing mitral surgery (56%) are in NYHA class
2.
In conclusion, our data suggest that time can represent an
important factor affecting LV remodeling, so that it allows
a worse dilation and the consequential development of MR
and the sphericity of the heart. These factors can limit
surgical technical possibilities to restore the left ventricle to
physiological shape and/or require associated surgical pro-
cedures, affecting clinical outcome. Patients who experi-
enced an MI need a strict follow-up to monitor LV shape
and function. The presence and/or the development of an
MR, a negative shape remodeling stated by volumes and
diameters, and an increase in percentage of hypokinesia-
akinesia must be promptly addressed and can represent an
earlier surgical indication criterion.
Study Limitations
The small number of patients in the isolated mitral and
combined surgery groups limits intergroup comparisons al-
though the obtained significance is very high. The few fatal
events do not allow a multivariate analysis of mortality. The
medium-term and widely spread duration of follow-up may
mask postoperative LV remodeling, which should be stud-
ied at longer time intervals.
Clinical Implications
In cardiomyopathies related to anterior MIs, the efficacy of
Dor’s operation and its modifications in the treatment of
systolic dysfunction and ventricular dilation has by now
been established21,22 and confirmed by our results. LV
restoration surgery is limited by 3 factors: (1) the technical
procedures proposed as a means of correcting posterior wall
dysfunction are still unproven23,24; (2) it is possible to
restore LV geometry but not myocardial architecture; and
(3) surgical outcomes are strictly related to LV volume and
e 2004
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clinical results stratified by the preoperative covariates iden-
tified in our experience can help establish the correct timing
for the surgical treatment of ischemic cardiomyopathy.
In patients with late presentation, surgery is still indi-
cated even with higher risk and lower “restitutio ad inte-
grum” possibility.
Statistical analysis of a larger series of patients could
identify the power of risk factors in the preoperative strat-
ification of patients. It is necessary to test further surgical
techniques of reversing geometric changes in the mitral
valve complex.
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5:358-67.APPENDIX. Echocardiographic geometric and functional parameters: definitions and abbreviations
Equatorial diameter (systolic and diastolic) ESD, EDD, mm
Four-chamber apical view, orthogonally crossing the LL at the
widest level
Eccentricity index (systolic and diastolic)8 EIS, EID  LL2  ED2/LL
Longitudinal length (systolic and diastolic) LS, LD, mm
Four-chamber apical view, from mitral valve level to the
furthest point of the apex
End-systolic and end-diastolic left ventricular volume ESV, EDV, mL
Simpson’s biplane method
End-systolic and end-diastolic left ventricular volume index iESV, iEDV, mL/m2
Simpson’s biplane method
Ejection fraction EF, %
Simpson’s biplane method
Wall motion score index WMSI, numerical
Mean score in a 16-segment model of the left ventricle,
according to Schiller26
Percentage of akinesia AKIN, %
Percentage of akinetic segmentse 2004
